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THE BICLOGICAL PREREQUISITES OF PATHOGENICITY OF DERMATMNCETE

Dermatologische Wochensc lift H. Ziegler and Hannelor
(Dermatolog ical Weekly) Bohme
151 (28), Berlin, 1965, pp 725-728

In 1933, A. v. Mllinckrodt-Huupt published her basic work under the
title Der Stoffwechsel der pathof-enen Haut ilze und seir Zusammenhanrr mit
der Patho~enese der ~~ykosen rThe Metabolism of the Pathogenic Sin uni
and Its Connection with the Pathogenosis of Mtycoses'. With admirable in.-
sight, the author critically reviewed and evaluated the large number of
publications available on this topic at that time and she then supplemented
these observations on the b4sis of her own very careful experimental studies
although the methodology may appear somewhat outdated today. In the mean-
time, 30 years have passed an& during that time a wealth of new knowledge
has been obtained throughout the world on the biology of the dermatomycetes
as well as on the pathogenesis of dermatorycoses. Last but not least we
must mention here the great advances in the natural sciences which in der-
matohycology likewise contributed to the enhancement of our knowledge both
with respect to the biology of t.3 fungi and with respect to the morphology
and physiology of the terrain in which the dermatomycetes settle as para-
sites; finally we must also mention the therapy of mycoses which was greatly
advanced as a result of this. We therefore think that it would be quite
proper for us to say a few words here about the biological foundations of
the pathogenialtv of dermato ycotes. In the light of wh' %re )maw tcday.
Those comments on the host-parasite relationship (HFR) sj'izig primarily
from the viewpoint of the plant physiologist. We therefore want to confine
ourselves to the description of the measurable physiological properties of
the dermatomycetes and a comparison with apathogenic, partly soil-inhabiting
and keratinophile molds. We therefore want to emphasize here the attacking
fungus as the agents responsible for ecoses and we want to leave the exw;
planation of the H1R, as regards the host organism, the attacked human in.
diviuual or animal, to those who are authoriti-s in that particular field,
in other words, we want to leave this to the dermatologists. We are of
cour3e quite aware that, in the final analysis, all myoological efforts,
regardless of what angle they are undertaken, can lead to success only if
they are aimed at one sigle objective and that of course in the combination
of all of the individual discoveries that have been made so that we wayr
develop a therapy of dermatoWoss which will be well founded on the basis
of a oausal analysis and which t ill thus be -uite specifi.. In order to
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describe the physiological foundations of the pathogenicity of dermatoaW-
aetes in greater detail, we might first nf all look at the special physio-
logical properties of these fungi and we might then report some comparative
investigations with molds. However, we do not have enough time here to make
are statements as to methodology although it is precisely this methodology
which is very often dezislve and quite important in judging the resultsl
Since our statements here can give the reader only a rough survey, we want
to confine ourselves to a listing of the facts which are largely based on
cur own investigation results. Undoubtedly, keratinophilia deserves being
mentioned first among all of the specific properties of the dermatouqcetes,
although the capability for keratin reduction (in other words, the posses-
sion of keratinase and peptidases) is by no means the domain of the skin
fungi; after all, there are some other fungi which can utilize keratin asa primary C-N source although exclusively in the form of saprophytes. As
regards the biochemdstry of keratin decomposition, we will report on this
later on (Ziegler, 1964). As far as the nutrition-physiological value of
other N-sources is oonoerned, we know that the dermatom~oetes can utilize alarge number of simple organic N-compouxs (amino acids rAS1, urea, casein.
hydrolyeates) but also peptones, gelatins, denatured serum, and other pro-
teins (survey in Nickerson, et al. 1947; Ziegler and Bohme. 1964). We have
come rather contr&dictory information on the suitability of inorganic N.
sources (NN4 salts, nitrates). Apart from the fact that the particular MG-
source and base-nutrient solutions (NL) a.;z cf oignifioance, we can say that
the results of our investigations now make it possiole to make a certain
decision. Accordingly, non-pleomorphous dermatorycetes require AS or other
organic N-sources (urea, peptono, gelatin, keratins) for their initialgrowth, but they can also include NH4 ions in their N-metabolism (Ziegler,1964). An NR4 titer which rises at first (because of the release of NO)

or which is high fron the beginning of the experimer.t on and which drops
afterward can be considered as an indicator for progressive growth processes,
There is no strict order of rank within the oarbohwdrates (KH) which are
suitable for the nutrition of the dermator~cetes. In addition to a few
mono-and oligosacch.brldes (mannite, glucose, sacchaz-ose, cellobiose, fruc-
tose, maltose, raffinose, lactose), these fungi can convert polycondensed
KH (starch, ,ycogen, malt extract, pectins, and probably also cellulose,
among others) partly even better than the olgosacchsarides (Stcc.ed&le, I953;
Bereston, Robinson, andi Williams, 1958; Koehne, 1962; Ziegler, 1961; 19641
Goddard. 1934; HeJtmanek, 1959, 1960. 1961, 1961a). But the pathogenic
skin fungi certainly do not play a role as nutrition rivals or competitors
for the fast-growing fungi which decompose cellulose, pectin, or starch.Their more or less pronounced a&Vlo-, pectino-, or cellulo-lytic capacities
should be considered as original characteristics. Furthermore we know thatdermatovycetes can use various lipids as a primary C-source (bibliographyIn Ziegler, 1964). At MeI point we would like to emphasise particularythe capability for the deooposition of wool fat (Adeps lanas ankydricus)

which we proved beyond doubt. From this we can conclWo that dermatoa'-
etes attack or at least can break through the protective fat deposits of
the skin and its appendixes. The requirement for vita-ins varles; most of
the skin fungi are vitamin-autotrophic (Area Leac and Cury, 1951). The
supply with adneral notriente (Ziegler, 1964)(Ra, K, Ygq Ca, Cu, Fe, Zn,,,a. among others, a well as P, S, C.) can be kept ather short. Thepiophate
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requirement of the sHi' fungi, which is strikingly low in comparison to
other microorganisms, should be interpreted as an adaptation to the rela-
tively unfavorable mineral supply conditions in keratinizod terrains. An-
other characteristic which has a rather selective significance here is the
"alkalizing tendency" of the dermatomVcetes. When the compobition and the
buffer capacity of NL or of the terrain attacked so permit, these fungi,
like numerous human,-pathogenic bactezla, raise the pH values into the range
of pH 6-8. Elsewhere (Ziegler. 1963, 1964, 1964a) we reported on the enzy-
ruos of the skin fungi, in other words, their ecto-enzymes, which -e separ-
ated for nutrient substrate decomposition or conversion .espectively for
the mobilization of nutrients; and we emphasized the tremendous significance
of these e nzymos for both the saprophytic and the parasitic phases. In

dormatowycetos, particularly in microsporum cans and trichophyton metagro-
phytes, the following ecto-onzymos hsve been established: elylases, pectin- I
ase, cellulase, lipases, alkaline phosphatase, peptidase (proteinases) and
koratinase. As we know, specific nutrient substrates generally lead to an
increase in the synthesis and in the separation of the adequate enzymes.
In our enzyme st dies, we were also able to observe a series of coupled
physiological mechanisms. In cultivating the fungi on keratins, wool fat,
or polysaccharides, it was not only the enzymes directly required for this
that wore separated more abundantly than under simple nutrition conditions
(SM.NL) but it was also at the same time a series of enzymes that was
formed here to an increased extent for other reactions ("nonspecific in-
duction"). For instance, the lipase and phosphatase titers in keratm-IL
were increased although no substrates required for these enzymes were pres-

ent; on the other hanl, the peptidase titer in proten-free NL With complex,
respectively, polycondonsed C-surces (polysaccharides, wool fat, etc) was
-Increased. Ove-all we can say thate small groups of derfatcetes ba
a series of characteristic properties- (1) they require very little in
terms of nutrition-physiology; (2) they reveal a pronounced keratinophilia;
(3) they grow relatively slowly; (4) they are capabla of surviving on organ.
Ic materials in the ground; (5) they reveal a tendency toward and toler-
ance of alkalizatian; (6) they have polyenzymatic capabilities; (7) they
reveal coupled enzymatic mechanisms (nonspecific induction). Th what ex-
tent are we dealing here with specific properties of dermatomycetes? We
tried to answer thi a question by means of com"rative imest gations 4with

.

molds. Such investigations have unfortunately been extremely rare in the
past (for instance, Volkonovsky: Ernahrunmsp)hysiolorischo Studien rNutri.
tion Physiology Studios% 1934; White, Darby, Stechert, and Sanderson:
Zelluloseabbau rCollulose Decomposition', 1948; Rzucidlo, Stachow, Nowakow-
ska and Kubica: Zellandchenre und Immunolorie rCell Wall Chemis try and
Immunology' 1958, 1963; De Vries: Kcratinabbau rKeratin Decomposition',

1962; Jung and Gorhart:' Redoxfernento rRedox Ferments", 1963; Chesters
and Bull: La'dnarinabbau rIAnin iocompositdon, 1963). We (Ziegler,
1964 unpublished) compared the nutritior-physiology behavior of microsporux
cans and trichophyton mentagrophytes with the behavior of some molds
(Absidia glauca, Asperglflus niger, Stempbhlium tetraedrioglobosum,

Fusam oxpor S ios rum spec Parda llml Janthinal ar Ad- . -
alluu o placirnum). Tloese sxporimsnt are sill in progrea s rn d t'..

bing exlained. Such melds e.e generale i extreiely vital and tb .T
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very fast; they are encountered relatively frequently in soil samples
(Cladosporium, Stemphylium, Penicillii. janthinllum, Ponicillium lilaci-
nu); some of them form antibiotics (Penicillium janthinellum, Janthinellin)l
Lost of them are very active docompoaars of cellulose, heicelluloses, ard
pectin. Our series of experiments produced the following results: in the
cultivation of the fungi in STh-NL (Ziegler, 1964), the growth rate, the
maximum rwceliux weights, the relative and the absolute mineral requirement,
especially the phosphate requirement, as well as ts carborydrate (KH) re-
uire.aent wure &atc.r iGr tne nx,11a1. (wal-LI- .irly for Penicillim ":'nthin-

ellum and Penicillium lilacinum) than for the dermatom~cetes. In the cul-
tivation of fungi in hair keratin NL, the growth rate, the percentage-wie
keratin decomposition, and the relative peptidase activity were greater in
the dermaton~cetes than in the fungi (for details, see Ziegler, 1964). The
easily attacked horn keratin was rapidly decomposed by keratinophile molds
(Penicillin. janthinellum. Penicillium lilacinum). although this happened
just as fast as In the case of microsporum canis and trichophyton menta-
grophytes. Molds furthermore differ from skin fungi by virtue of the fact
that, in the case of the former, poorly suitable or unsuitable N-sources,
such as nitrates or ammonium salts, can be used nd that the former, because
of their ny-.sided enzymatic capabilities, are rore adaptable in terms of
nutrition physiology than the dermatotycetes rs: o. The latter have pro-
bably lost a number of t.eir original propertiec in the course of the de-
velopment of their oapability for keratin decomposition. Our past compara-
tire Investigations tell us that we have primarily quantitative differences
between tho character!t ces of the dermatonrcetes and those of the keratim-
ophile molds. Just exactly whether an accumulation of these differences dur-
Ing the oourse of the development of the fungi leads to a change in the
quality so that pathogenic dermatomycetes developed from keratinophile molds
- that is something that can be expressed only in the form of an assump-
tion here. But if this assumption were to apply in fact, then such molds
could be considered as potential parasites from which new pathogenic forms
could develop. To what extent can the knowledge obtained in vitro with re-
spect to the general and special physiology of the dermatomycetes be
applied to the in vivo conditions? Mineral nutrieits, including trace ele-
ments, are present in the epiderm s and in the perspiration only in small
quantities (MItchell and Hamilton, 1949; Dutcher and Rothman, 1951; Anke

&A Shne-der, 19 ). 1ut they are suffifciet for the requirements of the
dermatomycetes (English and Barnard, 1955) which, moreover, can mobilize
organically bound phosphate (Stakall and Weber, 1959; Blakey, Earland and
Stoll. 1963) by means of their ecto-phosphatases. Organic compounds in the
form of proteins, lipids, and secondarily, also polysa--oharides constitute
the main portion of the potential nutrients in the epidermis. For the
hyrolysis of these compounds, the skin fung have specific enzymes. The
pH values of the skin are constant but they are mostly in ranges which can
be tolerated by the dermatonmycetes (the underarm bending side pH 4.0-6.O).
Moreover, these fungi are in a position to raise the envircymental pH values
to the levels required fo. their ecto-enzymes because of their alkaliaing
tendency. This is partici'arly Important for enzvm'.tic keratin decomposi-
tion, which takes place rather briskly only undei conditions ranging from
neutral to slightly alkaline. In &ddit.on to the previously mentio,.a
nutrition-physiological qua,ities of the epidermis, we have a numb&a-, f
other properties of the hoL o'.anism that are very imporUant for ;4
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opreid end the course of fungus infections (Mallinckrodt-FMiupt, bc cit.
Blank, Sagani, Boyd. and Roth, 1959; Barlow, Chattaway, Frunt and Tuwnalay,
1961). For instance, the penetration of the fungi is eithnr promoted or
delayed by the speed of the normal kratinizaUn processes and thb bjarue-
quent scale removal r1oss. On the basis of some individual observations
we know that dysproteinemia promotes chronic trichophytia (Desai, Zdi,
and Bhat, 1962) and that presumably qualitative differences in the composi-
tion of the keratin can cause a partial onychoqycosis (Lar.hof, Ettig, and
Lemke, 1963). On the other band, Burke (1962) was able to establish only
very smaAL quantitative and no quaitative difference In the .5 c ut-IM

of the skin of healthy persons and fungus patients. So far, we have hardly
any accurate and generally applicable details on the defensiv, reactions of
the host organism. In the skin fat and particularly in the hair fat of
adults (for instance, Rothman, Smilganio, and Shapiro, 19451 Vilanova and
Casanovas, 1949) and in the serum (for instance, Memmesheimer, McNall, and
Sternberg. 1962; Bielunska, 1963) we do find fungistatic oomponents but so
far no one has been able to establish a basically higher serum fungietasie
titer in patients than in healthy people. - kise-it was Impossible to
determine any reliable differences between the quantity and the components
of the skin fat in heAlthy people and in fungus patients. With respect to
the etiology of mycoses, however, it was possible to Identify a certain pre.
disposition for those infections in constitutionally determined relatively
high (pH > 5.-5) pH values, combined with a reduced buffer capacity in the
epidermis$olly, Failey, and Netck, 1961; Zucker, 1964). There are no
fundamental 'dlfferences between the nutrition-physiological requirements of
the dermato, cetes in vitro and those in vivo. We hope that we have pre-
sented a surve of the current status of special metabolism physiology of
dermatororcetes in this article. We hope that the comprohensive knowledge
of the charaoterlstic properties of this fascinating fungus group will
lead not only to a better understanding of the biological foundations of
their pathogencity but also to new points of departure for the fight against
these fungi.
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